Objective: To describe the nutritional profiles of the food consumption patterns identified in an elderly Italian rural population. Design: Cross-sectional study. Setting: Population-based study. Subjects: A total of 847 men and 1465 women aged 65 y or older, resident in rural areas in the province of Pavia (Northern Italy) and near Cosenza (Southern Italy) in 1992-1993. Interventions: A cluster analysis segregated the subjects into six groups for men and seven for women on the basis of similarities in their food intake (see companion paper). The mean daily energy, macronutrient, mineral and vitamin intakes were calculated for the sample as a whole and for each cluster, and then compared with the age-and gender-specific recommended daily allowances for the Italian population. Results: The largest cluster ('small eaters', which included about half of the population) had an insufficient intake of essential fatty acids, calcium, potassium, zinc (men), iron (women), thiamin, riboflavin, niacin, b-carotene, and vitamins A, D and E. The most noticeable characteristics of some of the other clusters were a high intake of fats, a high proportion of total energy provided by sugars, a high intake of vitamin C, folic acid and b-carotene, and a high alcohol consumption. Furthermore, sodium intake was too high in all of the clusters and vitamin D intake was generally inadequate. Conclusions: The dietary habits of elderly Italians living in rural areas combine elements of the Mediterranean and 'wealthy' diets.
Introduction
A number of studies have reported the existence of nutritional deficiencies related to inadequate dietary intake in the elderly (O'Hanlon et al., 1983; Contaldo et al, 1987; Bidlack & Smith, 1988; Delvin et al, 1988; Ryan & Bower, 1989; Bianchetti et al, 1990; Payette & Gray-Donald, 1991; Ortega et al, 1995; Wielen et al, 1996) : in general, a large proportion of older subjects consume insufficient calcium, iron, zinc, thiamin, riboflavin, niacin, b-carotene and vitamins A, D and C.
The consumption or otherwise of certain nutrients has been associated with a wide variety of illnesses. Epidemio-logical evidence has shown that dietary factors favourably and unfavourably affect the risk for coronary heart disease (Trevisan et al, 1990; Van Horn, 1997) . It has been estimated that diet accounts for up to 80% of large bowel and breast cancer (Cumming & Bingham, 1998) , and the aetiology of many other cancers (including prostate, lung, stomach, oesophagus and pancreas cancer) has a dietary component (World Health Organisation, 1990) . Nutritional deficiencies have also been linked to osteoporosis, diverticular disease, cataract, iron deficiency anaemia, and a decline in the immune system and cognitive functions.
In a companion paper (Corrêa Leite et al: Dietary and nutritional patterns in an elderly rural population in Northern and Southern Italy: (I) A cluster analysis of food consumption), we reported the dietary patterns of two elderly rural populations in Northern and Southern Italy, and showed that, in addition to the difference represented by the prevalently continental diet in the North and the prevalently Mediterranean diet in the South, factors such as education, physical activity, age, living status and the degree of disability predicted their dietary behaviour. On the basis of similarities in the consumption (frequency and amount) of 23 food categories, the men could be grouped into six and the women into seven clusters. Among both genders, cluster 1 ('small eaters') included about half of the population and consisted of individuals who ate small amounts of all of the food groups, and cluster 4 ('big eaters') of individuals eating relatively large amounts of all groups. Among the men, cluster 2 ('balanced diet') included individuals with a low consumption of animal fats, oil and alcoholic beverages, a moderate intake of cheese, meats and pasta, and a higher consumption of fruit, vegetables and legumes; cluster 3 ('light diet') those with a moderate intake of fish, low-fat meats, vegetables, pasta and olive oil, and a below-average intake of dairy products; cluster 5 ('alcohol') those consuming higher amounts of alcoholic beverages, animal fats and eggs/organ meats, and lower amounts of fruit, vegetables and dairy products; and cluster 6 ('cheese') those with a high consumption of cheese. Among the women, cluster 2 ('coffee-alcohol') included individuals with a moderate intake of dairy products, meats, vegetables and cereals, and above-average quantities of coffee and alcoholic beverages; cluster 3 ('light diet') those with an above-average consumption of low-fat cheese and olive oil, and a lower intake of animal fats, beverages, coffee and alcoholic beverages; cluster 5 ('sweets') those who consumed very large amounts of sweets, biscuits and sugar, and below-average quantities of most of the other food groups; cluster 6 ('greens') those with a very high consumption of fruit, vegetables, legumes and olive oil, and a moderate intake of low-fat cheese and meats; and cluster 7 ('butter') those who consumed very high quantities of animal fats.
The aim of this paper is to assess the nutritional adequacy of these food patterns by describing their nutrient intake profiles.
Methods
As described in more detail in the companion paper (Corrêa Leite et al), this study was part of a population-based prevalence study of senile dementia carried out in 1992-1993 in four rural towns in the province of Pavia (Northern Italy) and three rural towns in the province of Cosenza (Southern Italy) (Cristina et al, 2001) . The study population included subjects aged 65 y or older. The screening phase of the study was based on a door-to-door interview administered by specifically trained nonmedical staff, which included a food-frequency questionnaire based on 180 food items selected on the basis of the results of separate focus group studies for the Northern and Southern provinces. The food-frequency questionnaire was quantitative (a modification of Willett's questionnaire for the Nurses' Health Study) (Willett, 1998) , with the quantities of foods being assessed by the use of pictures of food portions.
The original food items were divided into 23 categories in order to define a workable number of food groups. The food category data were standardised, and the FASTCLUS SAS procedure (SAS Institute Inc., 1989) used to perform a cluster analysis designed to identify dietary patterns and segregate the subjects on the basis of similarities in their usual consumption of foods. The technical details of the procedure are given in the companion paper (Corrêa Leite et al). In order to describe the nutritional profiles associated with the identified patterns, the individual daily energy, macronutrient, mineral and vitamin intakes were averaged by cluster group. Nutrient intake was calculated using the food composition database specifically elaborated for epidemiological studies in Italy (Salvini et al, 1998) . Two separate analyses were made for men and women.
Results
At the end of the screening phase, we had ascertained the dietary habits of 1465 women and 847 men (99% of the sample in the province of Pavia and 89% in the province of Cosenza).
Men
Energy and macronutrients. Table 1 shows the mean daily energy and macronutrient intakes of the men by clusters. Cluster 1 ('small eaters') had a low-energy intake (7.3 MJ or 1735 kcal) because of the consumption of small amounts of food, particularly vegetables, thus reflecting poor ingestion of water and fibre. More than 30% of the men in cluster 1 had a linoleic acid intake of less than two-thirds of the recommended daily allowance (RDA) of 6.0 g for Italian men aged 60 y and older (Italian Society of Human Nutrition F SINU, 1996). The intake of linolenic acid was less than twothirds of the RDA (1.5 g) in nearly 58% of the subjects in cluster 1, more than 20% in cluster 3 ('light diet') and 15% in cluster 5 ('alcohol'). The diets of clusters 6 ('cheese') and 4 ('big eaters') had the highest fat content (40.4% of total energy intake in the former and 35.2% in the latter) to the detriment of carbohydrate intake, which represented, respectively, 34.4 and 39.9% of total energy. Cluster 6 had a diet that was too rich in saturated fats (18.2% of total energy), and cluster 4 and 6 diets had the highest cholesterol content. Clusters 2 ('balanced diet') and 5 ('alcohol') also included a high intake of cholesterol. However, diet 4 ('big eaters') and diet 3 ('light diet') had the best monosaturated/saturated fat ratios (respectively, 1.27 and 1.24) because of the greater consumption of olive oil. Not shown in the table, this ratio ranged from 1.27 in cluster 4 to 0.87 in cluster 6 ('cheese'). The mean intake of polyunsaturated fats among men ranged from 3.70 to 4.78% of total energy, which are lower levels than the 6.0% reported for the Italian population as a whole (SINU). The proportion of energy provided by carbohydrates was also generally below the recommended level of 'at least 50% of total energy' (SINU): slightly in clusters 1-3, and markedly in the others. The individuals in cluster 5 ('alcohol') derived 23.4% (!) of their total energy intake from alcohol, to the detriment of carbohydrate and proteinderived energy. The dietary patterns of groups 2 ('balanced diet') and 4 ('big eaters'), whose members consumed larger amounts of fruit and vegetables, had the greatest fibre content.
Micronutrients. Table 2 shows the mean daily micronutrient intake per cluster, together with each micronutrient RDA for the Italian male population aged 60 y or older. In cluster 1 ('small eaters'), the proportion of subjects whose calcium, potassium, zinc, thiamin, riboflavin and niacin intakes were less than two-thirds of the recommended levels ranged from 28% for potassium and zinc to 39% for riboflavin; the same proportion was 47% for vitamin A, 43% for vitamin E, 19% for vitamin C and about 15% for iron and vitamin B 6 . A relatively insufficient calcium intake was also found in clusters 5 ('alcohol') and 3 ('light diet'): More than 18% of the men in cluster 5 and 13% of those in cluster 3 had a calcium intake of less than two-thirds of the RDA, as opposed to the higher calcium intake among the 'cheese' cluster 6. The intake of vitamin D was generally too low (see discussion). There is no RDA for b-carotene but, since one retinol equivalent represents 6 mg of b-carotene (SINU), the recommendation of 700 mg for vitamin A corresponds to a daily intake of about 4200 mg of b-carotene. b-Carotene intake was very poor in clusters 1, 5 and 3, whose members consumed the lowest amounts of fruit and vegetables. Sodium intake was too high in all of the clusters: the proportion of subjects whose sodium intake exceeded 3500 mg daily ranged from 72% in cluster 1 to 97% in cluster 4. Women Energy and macronutrients. As in the case of men, the largest cluster of women ('small eaters') was characterised by the lowest consumption of energy and macronutrients, with a diet poor in water and fibre (Table 3) . Of the women in cluster 1, nearly 18% had a linoleic acid intake of less than two-thirds of the RDA for Italian women aged 50 years and older (4.5 g), and nearly 30% consumed less than two-thirds of the linolenic acid RDA (1.0 g). Cluster 3 ('light diet') also had an insufficient intake of water because of the lower consumption of beverages. The proportion of energy provided by fats was too high, particularly in clusters 3, 4, 6 and 7. The diet of clusters 4 ('big eaters') and 7 ('butter') were also too rich in saturated fatty acids. However, the monosaturated/ saturated fatty acid ratio ranged from 1.27 in cluster 3 ('light diet') and 1.20 in cluster 6 ('greens') F the relatively greater consumers of olive oil F to 0.93 in cluster 5 ('sweet'). The diets of the women in clusters 2-7 were all too rich in cholesterol, especially in cluster 4 ('big eaters'), with eggs and organ meats, high-fat meats, sweets or animal fats (butter, lard) being the recognisable sources. Even more than in men, the proportion of total energy supplied by soluble carbohydrates (oligosaccharides) largely exceeded the desirable limit of 10-12% of total energy (SINU): in particular, it was 24.3% in cluster 5 ('sweet') and 27.5% in cluster 6 ('greens'). However, the source of the soluble sugars was qualitatively different, coming primarily from sweets and sugars (saccharose) in cluster 5, and mainly from fruit and vegetables in cluster 6 (the diet of which was particularly rich in fibre). A larger alcohol consumption characterised the women in cluster 2 ('coffee-alcohol'), but was within acceptable limits.
Micronutrients. More than 74% of the women in cluster 1 ('small eaters') had a calcium intake of less than two-thirds of the RDA; the proportion of women whose iron, potassium, thiamin, riboflavin, niacin, vitamin A and vitamin E intakes were less than two-thirds of the RDA ranged from 22% for niacin to 46% for vitamin E; it was 19% for vitamin C, 15% for phosphorus and 13% for zinc. Calcium intake was also insufficient in the other dietary pattern groups, except for clusters 4 ('big eaters') and 6 ('greens'): it was less than twothirds of the RDA in 42% of the women in clusters 2 ('coffee/ alcohol') and 5 ('sweet') and in about 37% of those in clusters 3 ('light') and 7 ('butter'). A total of 19% of the women in cluster 5 had a vitamin A intake of less than twothirds of the RDA. Cluster 6 ('greens'), which grouped the women with the greatest fruit consumption, had a very high mean daily intake of vitamin C. Using the same estimate for b-carotene as that used for men, the recommended daily intake of 600 mg of vitamin A for women corresponds to about 3600 mg of b-carotene: the mean b-carotene intake in cluster 1 ('small eaters') was much lower, and that in cluster 5 ('sweet') seemed insufficient. As in men, vitamin D intake was generally poor and all groups had a high consumption of sodium (Table 4 ). The proportion of women whose dietary sodium exceeded the 3500 mg threshold ranged from 69% in cluster 1 to 100% in cluster 4 ('big eaters'). Dietary and nutritional patterns in an elderly population ML Corrêa Leite et al 
Discussion
Our study describes the nutritional features of the dietary patterns identified in an elderly rural Italian population by estimating mean daily energy, macronutrient, mineral and vitamin intakes by clusters. Like a number of other studies, we derived the eating patterns from the dietary data collected using a food-frequency questionnaire (Randall et al, 1992; Wirfalt & Jeffery, 1997; Greenwood et al, 2000; Hu et al, 2000; Schulze et al, 2001) . Although food-frequency questionnaires are not considered optimal for describing mean intakes in groups, more suitable short-term methods such as 24-h recall are generally too expensive and seldom used for estimating nutrient intake in large-scale epidemiological studies (Willett, 1998) .
Our results reveal some of the nutritional characteristics of elderly Italians living in rural areas, the most noticeable of which is the high proportion of 'small eaters' (45.7% of men and 50.9% of women) at risk of undernutrition and specific nutrient deficiencies, such as calcium, potassium, zinc (particularly in men), iron (particularly in women), and vitamins (thiamin, riboflavin, niacin, b-carotene and vitamins A, D, E).
Vitamin D intake is generally insufficient, and the consumption of calcium inadequate particularly among women. Osteoporosis and related bone fractures are growing public health problems, and adequate calcium and vitamin D intakes are important elements in their prevention (Masi & Bilezikian, 1997) . Vitamin D is essential for skeletal health because it plays a central role in maintaining calcium and phosphate homeostasis. Although its main source is cutaneous synthesis, diet becomes a more important source when exposure to sunlight is poor. The RDA of vitamin D for the elderly has recently been increased (it is now 10 mg in Italy and 15 mg in the United States: Compston, 1998) but, as it is unlikely that these levels can be reached with a normal diet, the use of fortified foods or supplements is suggested.
Ageing is associated with a decrease in immunocompetence and an increase in the incidence of particularly respiratory tract infections. Immune function is affected by the balance of dietary fats and their degree of unsaturation, as well as by micronutrients. The vitamins that play a substantial role in the immunity of the elderly include vitamins A, C, D, E and B6; the minerals affecting immune function include zinc and iron (Kelley & Bendich, 1996; Bell & High, 1997) . Suggestive rather than conclusive studies have indicated an association between cognitive function impairment in the elderly and a deficient intake of micronutrients, especially folate, vitamins C and E, b-carotene, zinc and iron (Warsama et al, 1996; Ortega et al, 1997) .
There is increasing scientific interest in the role of free radical oxidants in a number of the diseases associated with old age. A number of observational studies have indicated that antioxidant vitamins (including b-carotene, vitamin E and vitamin C) have a protective effect against cardiovascular diseases and cancers (Willett, 1994; Tribble, 1999) . Although intervention studies have not yet provided any conclusive results, a diet rich in fruit and vegetables is advocated in order to decrease the risk of cancer and coronary heart disease (Hercberg et al, 1998; Lee, 1999) . Vitamin E is the major membrane antioxidant and protects cell structures against the damage caused by oxygen-free radicals and the products of the oxidative reactions of polyunsaturated fatty acids (PUFA). The vitamin E requirement therefore increases with a high PUFA intake and the increasing degree of unsaturation of dietary fatty acids. In our population, the intake of unsaturated fatty acids was generally low and the desirable ratio of 40.4 mg vitamin E/g PUFA (Dupont et al, 1996) is reached even in the 'small eaters' group. However, the intake of vitamin E should not be less than 3 mg for women and 4 mg for men (SINU), and this is not the case in 20% of the men and 8% of the women in cluster 1 ('small eaters'), or in 5% of the men in cluster 5 ('alcohol'). The vitamin C RDA of 60 mg for all adults (SINU) is moderately or abundantly exceeded in all dietary clusters; since there is evidence that the daily intake of vitamin C should be many times higher than the amount needed to protect against scurvy, this last recommendation is under revision (Carr & Frei, 1999; Levine et al, 1999) . Furthermore, there are indications that the vitamin C requirement increases with age (Heseker & Schneider, 1994) .
Water is an essential, but often neglected nutrient for the general health of the elderly. In order to be well hydrated, the average sedentary male must consume at least 2900 ml of water per day (2200 ml if a woman) in the form of beverages, soups and foods (Kleiner, 1999) . By these standards, a large proportion of this study population is likely to be chronically mildly dehydrated.
Although the most striking result of this study is the proportion of elderly subjects with an insufficient intake of many nutrients, a considerable proportion actually have an excess intake of one or more. Some of these groups are at risk of obesity and present more or less severe imbalances in fat intake. The consumption of foods rich in saturated fats and cholesterol is generally high in this population, thus increasing the risk of atherosclerosis, and it would be desirable to increase the intake of complex carbohydrates in order to replace some of the calories currently provided by fat consumption. However, a high fibre intake plays an important role in cholesterol-lowering strategies (Van Horn, 1997) , and fibre consumption is sufficient in all of the clusters except the 'small eaters'.
Hypertension is a well-recognised risk factor for several diseases in the elderly, and the Italian diet is generally rich in salt (SINU). Although there is no clear evidence demonstrating that salt restriction reduces the incidence of hypertension in normotensive people, there is general agreement that it can improve blood pressure in hypertensive individuals, particularly those aged more than 44 y (Midgley et al, 1996; Fodor et al, 1999) . The American Heart Association (AHA) recommends 6 g/day (2400 mg of sodium) as a 'prudent and safe' limit for the daily intake of sodium chloride (Krauss et al, 1996) , but this is abundantly exceeded in all of our clusters, particularly the 'big eaters', whose diet is also highly atherogenic and highly caloric (greater risk of obesity). These subjects should therefore be the primary target for interventions aimed at lowering blood pressure and preventing coronary heart disease. On the other hand, the impact of dietary sodium on blood pressure may be affected by potassium or calcium consumption. It has been reported that blood pressure positively correlates with the dietary sodium/potassium ratio (Khaw & Barret-Connor, 1988) , and that a high sodium intake is associated with higher blood pressure levels among individuals on lowcalcium diets (Hamet et al, 1991) . This is an important consideration in relation to the 'small eaters' cluster whose high-sodium diet is poor in both calcium and potassium.
A moderate intake of alcohol was common among the elderly men in our study population. Other studies have found a higher alcohol intake among elderly Italians than among the elderly of other countries (Moreiras et al, 1991; Huijbregts et al, 1995) . Although the proportion of men making up the 'alcohol' cluster is small (7% of the study population as a whole), their pro capita intake is too high. This finding highlights the issue of alcohol abuse among elderly Italians (particularly in Northern Italy) and deserves more attention.
A high intake of olive oil, fruit and vegetables is a characteristic feature of the Mediterranean diet, which is now widely accepted as a cultural model for healthy eating. The results of our study show that the dietary habits of elderly Italians combine the typical elements of the Mediterranean diet with those of the 'wealthy' diet (high in fats and free sugars, low in complex carbohydrates) that has usually accompanied economic development in Western countries.
